food and water intake, and patterns of sleep and wakefulness (22) . In animals which do not hibernate, the central nervous system components of these behaviors have been shown to be integrated in the hypothalamus (6, 12, 15, 16) . This structure appears to mediate the same function in hibernators. Destroying hypothalamic tissue in ground squirrels produced aberrations in these regulatory functions similar to those found in mammals which do not hibernate (20) . Furthermore, hypothalamic lesions resulted in the failure of ground squirrels to arouse from hibernation (2 1). They died shortly after the expected time of their arousal.
Work in species which do not hibernate has shown that intrahypothalamic injections of biogenic amines (norepinephrine and 5-hydroxytryptamine) lead to thermoregulatory responses resulting in changes in body temperature (3, 8, 11, 18 was also used as a control solution. All doses were calculated as the salt, and all compounds were dissolved in sterile isotonic saline at the normal pH of LNE and 5-HT (pH 3.5 to 4.5). The pH of the control solutions was also adjusted to this range. Fresh preparations were used for each test. All solutions were injected bilaterally in a volume of 1 pi/side. Only one such injection was made per experiment. At the conclusion of the experiments, the ground squirrels were sacrificed and the locations of the cannula tips were determined histologically by examining Thionine-stained sections (60 ,u) of the implanted areas.
RESULTS
The effects of NE and 5-HT on the process of arousal from hibernation were tested in 11 experiments on 6 animals with PO/AH cannulas. In every case, NE and 5-HT initiated complete arousal from hibernation. The average latency of response (Z~SEM) in eight NE experiments was 19 rt 3 min, and the average time taken to reach stable active-state temperatures was 130 =t 13 min. In three experiments testing 5-HT, the average latency was 40 =t 20 min and the average time taken to complete arousal was 150 & 30 min. following NE (n = 2) were both 1.1 C, which were similar in magnitude to the hyperthermic component of the biphasic responses (+ 1.1 and + 1.4 C )* The decreases in Thy following 5-HT (n = 3) were generally also similar in magnitude to the hyperthermic phase of the biphasic response (-0.4, +0.5; -0.4, t-0.3; -0.3, and + I.2 C). and was followed by a biphasic response (decrease of 0.6 C preceding a rise of 0.9 C) in one instance. Thus, across all control compounds, temperature was unchanged in seven out of nine tests, increased in one test, and described a biphasic change once. In 17 experiments, we recorded Thy for periods up to 290 min during which no injection was given. This was done in order to establish the limits of normal variation of body temperature in the nonhibernating animal. Changes in temperature which occurred after 40 min from the start of these no-injection experiments were used as controls for temperature changes following sodium bitartrate, creatinine sulfate, and 0.9 % NaCl injections, since the latter were given 40 min after the start of an injection session. These experiments produced essentially the same results as the nonamine control injections, indicating that the temperature changes following sodium bitartrate, creatinine sulfate, and 0.9 CT0 NaCl were within the range of normal temperature variability.
This range was usually very narrow, with Thy remaining unchanged in the majority (n = 12) of the no-injection sessions. The upper and lower limits of the variation were defined by an increase of 2.8 C observed in one experiment and an average decrease of 1.7 & 0.46 C observed in four tests.
In summary, we found increases in temperature in all 18 tests with NE and 5-HT.
Control injection experiments resulted in no change in temperature in seven out of nine tests, and increases in two tests. In control no-injection experiments, temperature was unchanged in 12 out of 17 tests, increased once, and decreased on four occasions. Histological examination showed the tips of all cannulas which were effective in producing changes in body temperature or arousal from hibernation to be located in the region of the PO/AH. Extrahypothalamic implants were verified to be in the region of the caudate-putamen nucleus.
DISCUSSION
These experiments show that injections of NE and 5-HT into the PO/AH of ground squirrels in hibernation trigger arousal from hibernation.
The structures within this region which are responding to the injected amines are unknown, but in view of the demonstrated thermal responsiveness of the active ground squirrel to amine injections in the same region, it seems reasonable to assume that neurons functioning in the thermoregulatory effector pathway are involved in the amine-initiated increases in Thy during hibernation. (1). NE and 5-HT, injected into the ventricles or directly into the PO/AH, have been shown to produce opposite effects on body temperature in a variety of mammalian species (17). While it is clear that these amines produce changes in body temperature when so injected, the nature of these changes varies considerably across species. In general, the direction of the temperature responses produced by these monoamines is not the same for all species, with NE producing hyperthermia in some and hypothermia in others, and 5-HT acting in the opposite direction.
An exception to this reciprocal action has been reported in the mouse, in which intraventricular injections of either NE or 5-HT produced a decrease in body temperature (5). Our results in Cz'tellus lateralis demonstrate another example of a common thermoregulatory effect of NE and 5-HT. Here, direct injection of either compound into the PO/AH produces hyperthermia. The thermoregulatory responses of ground squirrels to intrahypothalamic injections of these monoamines have also been observed in rats (1, 9), suggesting that the hypothalamic thermoregulatory mechanisms in the two species have common properties. Such common properties have been observed, and include the presence of thermosensitive cells in the PO/AH (2, 4) an a similar thermal responsived
